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Materials
Grapes and physalis were purchased at local grocery stores. Different varieties of grapes were used, with preference for rounder varieties with diameters of 14-20 mm. Oval quail eggs, of 3-cm minor diameter and 4-cm major diameter, were purchased from a private local vendor. All food objects were stored in a refrigerator between uses. Two sizes of sodium polyacrylate hydrogel beads were purchased online from suppliers in China. "Small" beads are ≈1.9 mm in diameter and hydrate to diameters as large as 20 mm. "Large" beads vary in size (and relative initial hydration) from 4 mm to 7 mm and grow to diameters as large as 65 mm when fully hydrated. The final size of hydrogel beads inversely scales with the ion concentration in the water reservoir. We thus used de-ionized water for obtaining the largest objects (as done for objects in Fig. 2 ). If plasma is desired, fully-hydrated beads can be immersed in a weak NaCl solution for under a minute just before irradiation (as done for the object in Fig. 1C ). Without soaking in an ionic solution, small water beads do not spark.
Microwave exposure took place in a variety of household ovens operating at 2.4 GHz (Panasonic, Hamilton Beach, RCA) with power ratings of 900 W to 1500 W. Premium coated thermal paper (Brother LB3635) was purchased online. A water-resistant "coated" premium thermal paper product is essential for working with water beads. Two thermal imaging devices were used in this work: A Keysight U5855A TrueIR Thermal Imager, with 320×240 resolution, was used for the images presented in Fig. 2 . A FLIR T650sc camera, with 480×640 resolution, was used for the images presented in Fig. 3 . Both cameras were borrowed, and choice of imaging device was based on availability. As a safety precaution, a (Reed ST-2G) microwave leakage detector was used to monitor external field intensities in the near and far-fields of the oven. Researcher exposure to microwave radiation was kept below a field intensity of 10 µW cm −2 and did not exceed 20 s in duration at a time. A portable fibre-coupled mini-spectrometer (StellarNet Black Comet) was used for collecting the plasma spectra presented in Fig. 1D . Photographic images presented in Figs. 1 and 6 were obtained with a Nikon d7000 equipped with a 50-mm f1.4 D lens.
Methods
A. Bead Preparation for Plasma. Sodium polyacrylate hydrogel beads of approximately 1.9-mm diameter are hydrated in deionized water to a final size of nearly 20 mm, at which point they are skinless isotropic spheres of over 99.9% water by weight. Brief immersion in a NaCl bath provides ionizable Na species, which then form a yellow plasma when the dimer is exposed to microwave radiation, as shown in Fig. 1C (and movie S3). Beads grown in deionized water without exposure to an ionic soak do not spark but still develop hotspots.
B. Microwave Exposure and Imaging Parameters.
To create plasma from dimers we put two spheres on a watch-glass which is then placed in a household microwave oven in which the turnstile mechanism has been defeated. Occasionally, the watch-glass was placed on an inverted thin plastic weigh-boat, acting as a pedestal that separates the objects from the glass turnstile plate. We typically place the watch glass in the centre of the oven, but depending on the device, another location is occasionally found to provide more reliable irradiation, such that minor changes in position retain qualitatively similar thermal images. For plasma formation, the ovens are operated at full power for times ranging from 6 to 10 seconds. Sparking is occasionally observed 4-6 seconds into operation. Feedback in the thermal camera indicates that the oven operates for ≈2 s before generating microwaves. Thus we distinguish "operating time" from "irradiation" or "exposure time" with a 2-second offset. Little correlation has been observed between the power rating of the device and the propensity to form plasma from fruit dimers; likely because stochastic heating and polarization patterns in each device dominate over raw magnetron power. If sparking has not been initiated in a given dimer within 8 seconds it is unlikely to be observed with continued irradiation. For home demonstrations, retaining the turnstile increases the chance of sparking as the dimer can sample a variety of orientations and locations. As operated for this work, whole grape dimers are observed to spark over 60% of the time. Single grape monomers have never been observed to spark.
For thermal imaging in the "horizontal" orientation, objects are aligned and irradiated as described for plasma formation, but irradiation times are typically reduced to 1-4 seconds. To avoid spurious heating from the plasma, thermal images are only recorded for objects that did not spark. Once exposure is complete, the watch-glass and objects are quickly removed from the oven and either imaged immediately in the case of irradiated hemispheres, or are cut horizontally to reveal internal thermal distribution and then imaged. For "vertical" imaging, hemispheres are propped on a thin glass microscope slide with facets facing the oven door. Once exposure is complete, the oven door can be opened and the objects are imaged in-situ of the oven, without further manipulation. The thermal camera images are processed assuming that the objects have an emissivity of 0.96 (estimate for water), and that the reflected temperature is 20 • C. The precise choice of these values has a minimal effect on the relevant qualitative mode patterns.
To allow for live (and in-situ) optical and thermal imaging during irradiation, in some instances we have replaced the oven door with a black-vinyl-coated 0.018"-guage aluminum screen mounted on a magnetic steel frame. This screen is both optically and IR transparent which allows for live imaging of the beads as they are heated by the microwave. We rotate the oven to have the door face upwards so that the hemisphere beads can be placed with upwards-facing facets. The beads can then be imaged during irradiation (as in movie S5). Note that it often helps to add some quantity of water as an absorbing material in a remote corner of the oven to somewhat slow down the heating process. We find that 500 mL of water is sufficient.
C. FEM. The FEM simulations were performed using the COMSOL Multiphysics 5.3 software. In all simulations, the dielectric constant for water was assumed to be = 79 + i10, unless otherwise stated. The excitation was provided by plane waves polarized in the long axis of the dimer which were made to float in the simulation box. Second order scattering conditions were used at the boundaries of the simulated region. An air gap of at least half a wavelength was introduced between the surface of the spheres and the boundary. We find this method gives more consistent results than using the reflective boundary conditions and waveguide input of a standard microwave, which is likely a combination of many field polarizations. Nevertheless, we include simulations with reflective boundary conditions in the additional simulations section. To discretize the simulation, COMSOL's "free tetrahedral" meshing was used. The parameters were tuned for higher resolution for both the narrow contact region between the beads and in the volume of the beads as compared the rest of the simulation box. Simulations at various conditions were inspected to ensure that increasing the mesh resolution or box size had no significant effect on mode appearance.
The field enhancement parameter is defined in the total integrated field intensity compared to an air-filled box with the same input wave and perfect electrically conducting boundary conditions. Since the simulation box is kept the same throughout the simulations, this enhancement parameter only differs from total integrated field intensity by a scaling constant.
Additional Simulations
To ensure that the results from idealized simulations using plane waves hold in the complicated field in the microwave, we simulate a more microwave-oven-like system. We use a simulation box with perfect electrical conductor boundary conditions and a 3x6 cm waveguide port outputting T E10 waves with 1kW power into the 18x12x12 cm simulation box. Larger simulation boxes show similar behavior and therefore we use smaller boxes for less resource intensive computations. We also use a glass substrate with a dielectric constant of 3 separated from the beads by 1mm to simulate the presence of a watchglass, as used in the experiments. We find that the hotspots seen with plane waves can be replicated (Fig. S1A ) in such a system, however, we also find that the reflective boundary conditions introduce complications such the hotspot only forming in certain locations in the simulation box (see no hotspot in Fig. S1B ). This is in line with experimental results where sparking is somewhat stochastic. This is likely due to the complex field patterns in the microwave which will locally contain different field polarizations that may or may not allow the formation of a hotspot.
We also complete preliminary simulations to ensure that the the EM fields we see couple to heating in the beads. We use an iterative method wherein Maxwell's equations and heat transfer equations are solved separately. First, Maxwell's equations are solved using a fixed dielectric landscape, which includes the temperature dependence of the dielectric constant of water from (1) . Then the electromagnetic heating from these solutions, can be used to calculate the heating occurring for a small timestep. We use the thermal material properties included for water the COMSOL library. This is repeated for the required total simulation time. In this case we use timesteps of 0.1s and a total simulation time of 3s which is roughly in line with experimental irradiation times.
For single beads, since heating is mostly internal to the beads, the simulations can be run directly ( Fig. S2 A) . The results are qualitatively similar in both appearance and order of magnitude to those seen in experiment. There is more difficulty when simulating dimers due to the difficulty in thermally coupling heating in a gap to heating in the beads. To get an order of magnitude idea for heating properties, we use an artificial condition wherein a cylinder (r = 3 mm) with the thermal properties of steam and a weakly absorbing dielectric constant of 1-0.5i is introduced between the beads. Again, we find order of magnitude agreement with experimental results (Fig. S2 B) . Note that these additional simulations are only qualitative, as there are additional physical considerations that will impact the final temperature, including vaporization and pressure evolution between the beads.
Movies S1-5 Captions
Movie S1. Video of plasma created by irradiation of grape hemispheres in a commercial microwave oven in the traditional manner.
Movie S2. Video of plasma created by irradiation in a commercial microwave oven of whole (uncut) grapes forming a dimer on a watch glass.
Movie S3. Video of plasma created by irradiation in a commercial microwave oven of hydrogel beads forming a dimer on a watch glass. The beads were first hydrated in de-ionized water and then soaked in a weak NaCl brine for one minute before filming. Heating pattern in the thermal paper when the egg shell is filled with liquid (pattern is the same for water and for egg material). The same strip is completely featureless for hollowed-out eggs.
